Introduction {#Sec1}
============

As almost as early as the invention of the laser, an unexpected phenomenon produced when a rough surface is illuminated by a coherence light source became ubiquitous, the formation of a grainy structure of bright spots of light and darkness known as speckle, a phenomenon already known since the time of Isaac Newton. Speckle can be explained using the Huygens principle by considering the microscopic structure of the surface^[@CR1],[@CR2]^. In essence, the scattered optical wave, at a later distance after the rough surface, may be considered as the superposition of a large number of coherent wavelets with random phases emerging from the various microscopic elements on the surface that generates regions of constructive and destructive interference. Importantly, although in its origins speckle was regarded as an undesired noise that should be removed, in particular for digital holography^[@CR3]^, it rapidly became a powerful optical tool in a myriad of applications^[@CR4]--[@CR11]^. Moreover, in recent time, there has been an increasing interest in developing novel techniques for the generation of customised speckle, either with a tailored speckle-size distribution^[@CR12]--[@CR16]^, with exotic properties, such as, non-diffraction or self-healing^[@CR17]--[@CR20]^, or even with vectorial properties^[@CR21]^. Crucially, a proper characterisation and control of speckle is highly desirable, not only in the development of applications but also in the generation of customised speckle. Along this line, an important parameter is its size, which for simple cases, such as illumination by circular or rectangular apertures of homogeneous intensity, well-known mathematical expressions have been derived for its computation. This is not the case of speckle produced by structured light beams of non-homogeneous intensity and phase distribution. Pioneering studies along this direction have restricted to the specific case of optical vortices characterised by a ring-like intensity distribution and a helical phase of the form $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell \in {\mathbb{Z}}$$\end{document}$ is known as the topological charge^[@CR22]^. These studies reported that a decrease of the speckle size was due to an increase of the topological charge, which caused an increase in the size of the optical vortex. Further, the authors proposed a complicated method to measure the ring-like area of the optical vortex to provide with a mathematical expression relating this to the speckle size. Additional studies considered optical vortices of varying topological charge but constant size, so-called perfect optical vortices^[@CR23]--[@CR25]^, to demonstrate that the speckle size did not depend on the topological charge^[@CR20]^.

Here, we use a more general class of structured light beams to study the statistical properties of the speckle size. More precisely, we use well-known solutions of the paraxial wave equation, the Laguerre-Gaussian ($\documentclass[12pt]{minimal}
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                \begin{document}$$H{G}_{n}^{m}$$\end{document}$) modes of light to show that their inner structure does not influence the speckle size. The first set of modes, obtained in the cylindrical coordinates ($\documentclass[12pt]{minimal}
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                \begin{document}$$\rho ,\varphi $$\end{document}$), is characterised by a complex intensity distribution of $\documentclass[12pt]{minimal}
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                \begin{document}$$p+1(p\in {\mathbb{N}})$$\end{document}$ concentric rings of varying intensity, and a non-constant phase. The second, obtained in the Cartesian coordinates (x,y), features a rectangular structure of $\documentclass[12pt]{minimal}
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                \begin{document}$$(m+1)\times (n+1)$$\end{document}$ vertical and horizontal spots of light, where, $\documentclass[12pt]{minimal}
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                \begin{document}$$m\in {\mathbb{N}}$$\end{document}$. Our studies reveal that the size of the generated speckle is uniquely related to the total illuminated area, rather than to the complex structure embedded in their phase and amplitude distribution. We further corroborated our findings by comparing the speckle size of the structured beams with rectangular and circular apertures of homogeneous intensity and constant phase finding a perfect match between our theoretical model and both types of illuminations, structured and homogeneous.

Theoretical Background {#Sec2}
======================

Statistical measure of the speckle size {#Sec3}
---------------------------------------

To start with, it is worth mentioning that speckles do not have a well-defined size, hence, we can only provide with a measure of the mean speckle size. Further, even though the statistical properties of speckle depend on the coherence of the incident light and the detailed properties of the random surface or medium, for perfectly coherent light and for a surface whose roughness is in the order or greater than the wavelength of the illumination source, this dependence on the random scatterer is almost negligible. Under this condition, a measure of the mean speckle size can be done through the normalised autocorrelation function of the speckle intensity at a given observation plane, namely^[@CR26]^,$$\documentclass[12pt]{minimal}
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                \begin{document}$$C(\Delta u,\Delta v)=\langle I({u}_{1},{v}_{1})I({u}_{2},{v}_{2})\rangle ,$$\end{document}$$where, $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta u={u}_{2}-{u}_{1}$$\end{document}$, and $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta v={v}_{2}-{v}_{1}$$\end{document}$. Here, $\documentclass[12pt]{minimal}
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                \begin{document}$$i=1,2$$\end{document}$, is the intensity at two points in the observation plane resulting from the interference of a large number of emitters in the scattering surface that absorbs and re-emits the incident light wave. Additionally, $\documentclass[12pt]{minimal}
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                \begin{document}$$\langle \rangle $$\end{document}$ represents the spatial average over a large number of speckles in the observation plane. The mean speckle size is then defined as the distance $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta s$$\end{document}$ at which both intensities become uncorrelated to one another. A mathematical expression for C $\documentclass[12pt]{minimal}
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                \begin{document}$$(\Delta u,\Delta v)$$\end{document}$ in terms of the intensity distribution $\documentclass[12pt]{minimal}
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                \begin{document}$$|P(x,y){|}^{2}$$\end{document}$ of the field impinging on the scattering surface is given by^[@CR26]^,$$\documentclass[12pt]{minimal}
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                \begin{document}$$C\,(\Delta u,\Delta v)={\langle I\rangle }^{2}\,[1+{|\frac{{\int }_{-}^{+}{\int }_{\infty }^{\infty }|P(x,y){|}^{2}\exp [\frac{i2\pi }{\lambda {z}_{f}}(x\Delta u+y\Delta v)]{\rm{d}}x{\rm{d}}y}{{\int }_{-}^{+}{\int }_{\infty }^{\infty }|P(x,y){|}^{2}{\rm{d}}x{\rm{d}}y}|}^{2}].$$\end{document}$$and is the basis of our study. The integral in the numerator is in essence the Fourier transform of $\documentclass[12pt]{minimal}
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                \begin{document}$$|P(x,y){|}^{2}$$\end{document}$, whereas the integral in the denominator is the total power of the incident field.

This expression can be used to determine the speckle size produced by laser beams with simple structures, such as, Gaussian or plane waves^[@CR27],[@CR28]^. In particular, for the specific case of a unit-amplitude plane wave of constant phase and homogeneous intensity illuminating a circular region of radius *R*, see Fig. [1(a--c)](#Fig1){ref-type="fig"}, the mean speckle size as function of the illuminated area is given by (see Supplementary Materials),$$\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta {s}_{circ}=\frac{1.22\sqrt{\pi }\lambda {z}_{f}}{2\sqrt{{A}_{circ}}}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$${z}_{f}$$\end{document}$ is the distance from the scattering surface to the observation plane and $\documentclass[12pt]{minimal}
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                \begin{document}$${A}_{circ}=\pi {R}^{2}$$\end{document}$ is the total area illuminating the surface. A similar expression can be found for a rectangular aperture of area $\documentclass[12pt]{minimal}
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                \begin{document}$${A}_{rect}={L}_{x}{L}_{y}$$\end{document}$, (see Fig. [1(d--f)](#Fig1){ref-type="fig"}), namely (see Supplementary Materials),$$\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta {s}_{rect}=\frac{\lambda {z}_{f}}{\sqrt{{A}_{rect}}},$$\end{document}$$Figure 1Phase (**a**) and amplitude (**b**) of a plane wave illuminating a circular aperture of radius $\documentclass[12pt]{minimal}
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                \begin{document}$$R$$\end{document}$. (**c**) Intensity distribution along the dashed line. Phase (**d**) and amplitude (**e**) of a plane wave illuminating a rectangular aperture of dimensions $\documentclass[12pt]{minimal}
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                \begin{document}$${L}_{x}\times {L}_{y}$$\end{document}$. (**f**) Intensity distribution along the dashed line. Notice that in both cases the amplitude and the phase are homogeneous.

Importantly, the relations in Eqs. [3](#Equ3){ref-type=""} and [4](#Equ4){ref-type=""} show that the average speckle size increases linearly with the distance $\documentclass[12pt]{minimal}
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                \begin{document}$${z}_{f}$$\end{document}$ from the scattering surface to the observation plane and decreases as the illuminated area increases. Notice also that Eqs. [3](#Equ3){ref-type=""} and [4](#Equ4){ref-type=""} differ by the factor $\documentclass[12pt]{minimal}
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                \begin{document}$$1.22\sqrt{\pi }/2$$\end{document}$, which comes from the difference in the geometry of both apertures.

The Laguerre- and Hermite-Gaussian modes {#Sec4}
----------------------------------------

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$L{G}_{p}^{\ell }$$\end{document}$ modes can be described mathematically in terms of the Laguerre polynomials $\documentclass[12pt]{minimal}
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                \begin{document}$${L}_{p}^{\ell }(\rho ,\varphi )$$\end{document}$ as,$$\documentclass[12pt]{minimal}
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                \begin{document}$$p$$\end{document}$ are the radial and azimuthal indices, respectively, that fully describes their transverse profile. The exponential term $\documentclass[12pt]{minimal}
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                \begin{document}$$\exp [i\ell \varphi ]$$\end{document}$ is responsible for a phase singularity along the optical axis, which causes a ring-like intensity distribution, and the topological charge $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell $$\end{document}$ is associated to an amount of orbital angular momentum (OAM) $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell \hslash $$\end{document}$ per photon^[@CR29]^. The parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$R(z)=z[1+{(\frac{{z}_{R}}{z})}^{2}],\,\omega (z)={\omega }_{0}\sqrt{1+{(\frac{z}{{z}_{R}})}^{2}},\,\zeta (z)=\arctan (\frac{z}{{z}_{R}})\,{\rm{and}}\,{z}_{R}=\frac{\pi {\omega }_{0}^{2}}{\lambda }$$\end{document}$$
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                \begin{document}$${\omega }_{0}$$\end{document}$ is the Gaussian beam waist at $\documentclass[12pt]{minimal}
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                \begin{document}$${z}_{R}$$\end{document}$ is known as the Rayleigh range. Figure [2(a)](#Fig2){ref-type="fig"} shows the phase profile of the $\documentclass[12pt]{minimal}
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                \begin{document}$$L{G}_{1}^{2}$$\end{document}$ mode that clearly illustrates its azimuthal variation. Figure [2(b)](#Fig2){ref-type="fig"} shows its intensity distribution constituted by two concentric rings of varying intensity, which is more obvious in the 2-dimensional transverse plot (along the dashed line) shown if Fig. [2(c)](#Fig2){ref-type="fig"}.Figure 2Phase (**a**) and intensity distribution (**b**) of an $\documentclass[12pt]{minimal}
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                \begin{document}$$L{G}_{1}^{2}$$\end{document}$ mode. (**c**) Intensity profile along the dashed line. Phase (**d**) intensity distribution (**e**) of an $\documentclass[12pt]{minimal}
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                \begin{document}$$H{G}_{23}$$\end{document}$ mode. (**f**) Intensity profile along the dashed line. Notice how in both cases the phase (bar on the left) and the intensity distribution feature a non-homogeneous distribution.
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                \begin{document}$$L{G}_{p}^{\ell }$$\end{document}$ mode at a given distance $\documentclass[12pt]{minimal}
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                \begin{document}$$z$$\end{document}$, we can use the generalised definition of "spot size", which is taken as the maximum area to where the beam's intensity still has a significant value. The spot size in this case will take the form^[@CR30]^ (see Supplementary Materials),$$\documentclass[12pt]{minimal}
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                \begin{document}$${A}_{p\ell }(z,p,\ell )=\pi \omega {(z)}^{2}(2p+|\ell |+1).$$\end{document}$$

Notice that the area, or spot size, increases linearly with the modal indices $\documentclass[12pt]{minimal}
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                \begin{document}$$p$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\ell |$$\end{document}$ and quadratically with the propagation distance $\documentclass[12pt]{minimal}
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                \begin{document}$$z$$\end{document}$. Further more, modes with the same modal index $\documentclass[12pt]{minimal}
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                \begin{document}$$M=2p+|\ell |+1$$\end{document}$ are characterised by the same spot size.
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                \begin{document}$$H{G}_{nm}$$\end{document}$ modes, these can be described mathematically in terms of the Hermite Polynomials $\documentclass[12pt]{minimal}
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                \begin{document}$${\omega }_{0}$$\end{document}$ are defined as in the previous case. Figure [2(d)](#Fig2){ref-type="fig"} shows the phase profile of the $\documentclass[12pt]{minimal}
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                \begin{document}$$H{G}_{23}$$\end{document}$ mode, which also features an intricate pattern of non-constant phase. Its intensity distribution is shown in Fig. [2(e)](#Fig2){ref-type="fig"} where a non-homogeneous intensity pattern of bright and dark areas can be seen. This is better appreciated in the 2D plot shown in Fig. [2(f)](#Fig2){ref-type="fig"}, taken along the dashed line shown in Fig. [2(e)](#Fig2){ref-type="fig"}. In this case, the total area illuminated by a given $\documentclass[12pt]{minimal}
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Results {#Sec5}
=======

In this section we provide with experimental evidence that the non-homogeneous intensity distribution does not influence the speckle size. More precisely, we will show that the speckle produced by structured light modes has the same mean size as the one produced by plane waves of homogeneous intensity and constant phase. As a first example we compared a set of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$L{G}_{p}^{\ell }$$\end{document}$ modes generated by combinations of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell \in [0,5]$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p\in [0,5]$$\end{document}$ with a subset of circular apertures of similar size. As a second example, we consider the set of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H{G}_{nm}$$\end{document}$ modes generated by combinations of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n,m\in [0,5]$$\end{document}$ and compared their speckle size with a subset of Rectangular apertures of similar size.

Speckle size for Laguerre-Gaussian modes and circular apertures {#Sec6}
---------------------------------------------------------------
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Our previous result show that indeed, the mean speckle size produced by both, the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$L{G}_{p}^{\ell }$$\end{document}$ modes (Fig. [3](#Fig3){ref-type="fig"}) and the circular apertures (Fig. [4](#Fig4){ref-type="fig"}) decreases as the illuminated area increases. Nonetheless, a quantitative measure is required to show that the mean speckle size under both illumination sources is the same. To this end, we measured experimentally the mean size of the speckle produced by $\documentclass[12pt]{minimal}
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As expected, this equation predicts that mean size of the speckle produced by $\documentclass[12pt]{minimal}
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For the sake of completeness, we also computed the mean speckle size produced by the circular apertures of homogeneous intensity. Our results are shown in Fig. [6](#Fig6){ref-type="fig"} where we plotted the mean speckle size as function of the radius of the area illuminated by the plane wave. Again, the theoretical prediction, given by Eq. [3](#Equ3){ref-type=""}, is plotted as a green solid line, whereas the experimental data by red points. The apertures of homogeneous intensity were labelled as $\documentclass[12pt]{minimal}
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Speckle size for Hermite-Gaussian modes and rectangular apertures {#Sec7}
-----------------------------------------------------------------

As a second example to reinforce our statement that the structure of light does not influence the mean speckle size, we considered the set of Hermite-Gaussian modes generated by combinations of $\documentclass[12pt]{minimal}
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Again, in order to compare the speckle generated by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H{G}_{nm}$$\end{document}$ modes, we generated a set of homogeneous-intensity rectangular apertures of comparable dimensions. Figure [9(a)](#Fig9){ref-type="fig"} shows the intensity distribution of a set of rectangular apertures whose dimensions were defined in terms of the modal indices $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n$$\end{document}$ as, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${L}_{x}={\omega }_{0}(2m+1)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${L}_{y}={\omega }_{0}(2n+1)$$\end{document}$. The speckle generated by these structures is shown in Fig. [9(b)](#Fig9){ref-type="fig"}, as expected, the speckle size decreases as the area of the rectangular aperture increases. Further, in a similar way to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H{G}_{nm}$$\end{document}$ modes, the speckle generated by rectangular structures features also an elliptical shape in the perpendicular direction.Figure 9(**a**) Intensity distribution of a set of rectangular apertures of area $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${A}_{nm}={\omega }_{0}^{2}{[(2n+1)(2m+1)]}^{1/2}$$\end{document}$ and (**b**) the speckle produced by each of these.

Again, to quantitatively compare the speckle size in both cases, we measured the speckle size and plotted this as function of the spot size of $\documentclass[12pt]{minimal}
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Figure [10](#Fig10){ref-type="fig"} shows a comparison of both, theory (green solid line) and experimental measurements (orange circles). The case $\documentclass[12pt]{minimal}
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Discussion {#Sec8}
==========

In this manuscript we demonstrated that the mean size of the speckle produced by structured light modes of non-homogeneous intensity and phase distributions, is not influenced by their complex structure and therefore, its mean size can be related to the total illuminated area. A possible explanation for this lies in the fact that at the scattering surface, each scatter acts as a point source, where light is absorbed and re-emitted with a random phase. In other words, the coherent light after striking or passing through the scattering surface losses its coherence. Since the speckle is generated from the interference of a large number of these scatters, the original structure of the light mode becomes irrelevant. To corroborate this, we derived simple mathematical expressions that relate the mean speckle size to the the total area illuminated by the structured light mode, known as spot size. To prove this assertion, we exploited the complex structure of the Laguerre- and the Hermite-Gaussian modes, characterised by non-homogeneous intensity and phase distributions. We generated these modes experimentally and analysed the speckle produced by a ground glass plate. We also generated circular and rectangular apertures of homogeneous intensity distribution to compare the size of the generated speckle with the structured light modes. First, we measured experimentally the speckle size produced by a subset of $\documentclass[12pt]{minimal}
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                \begin{document}$$L{G}_{p}^{\ell }$$\end{document}$ modes, using image correlation, and compared this with the speckle produced by circular apertures of similar size, finding a perfect mach between both cases. This finding allowed us to provide with a mathematical expression that relates the mean speckle size with the total area illuminated by a light mode, computed through the generalised definition of spot size. Crucially, the speckle size measured experimentally, fits very well to our proposed mathematical expression, evincing that indeed, the structure of light does not affect the statistical properties of speckle. To further support this evidence, we also measured the speckle size produced by a subset of $\documentclass[12pt]{minimal}
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                \begin{document}$$H{G}_{nm}$$\end{document}$ modes also fits very well to the experimental results. Our findings are of paramount importance, since they reveal a property of speckle that, to the best of our knowledge, has never been reported. Further, they will pave the way towards the development of novel applications. For example, in optical metrology, where it has been already shown that the roughness of a surface can be measured with higher sensitivities using the speckle produced by optical vortices^[@CR34]^. In addition, nondiffracting speckle, produced also with optical vortices, shows great potential in the testing of materials as well as in optical tweezers^[@CR17]^. In addition, the generation of oriented speckle, which can be produced and controlled with Hermite-Gaussian modes, has applications in data storage^[@CR26]^.

Methods {#Sec9}
=======

In order to show that indeed the structure of light does not influence the speckle size, we performed a series of experiments using the experimental setup depicted in Fig. [12](#Fig12){ref-type="fig"}. A continuous wave (CW) laser ($\documentclass[12pt]{minimal}
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